Purpose: The Human Genome Project continues to produce an increasing number of genetic susceptibility tests.
With the recent completion of the sequencing of the human genome, 1,2 physicians and patients will soon have access to a growing number of genetic tests for susceptibility to late onset diseases. Presymptomatic testing for susceptibility to coronary artery disease, 3 a variety of inherited cancers, 4 -9 and Alzheimer's disease 10 already exist. Although the practical purpose of these tests is to identify high-risk individuals so that they can take steps to prevent the disease for which they are at increased risk, concerns have been raised about the potential misuse of genetic information by third parties. The possibility of discrimination in access to insurance and employment 11, 12 may inhibit individuals from obtaining genetic information and may also impede the progress of research that is uncovering the genetic basis of disease.
Efforts to understand the information derived from the Human Genome Project frequently take advantage of the genetic homogeneity of certain ethnic groups. Ethnic origin is relevant to genetic testing because the distribution of genetic traits may vary among diverse ethnic populations. When genetically identifiable populations can trace their origin to a relatively restricted set of ancestors or "founders," specific mutations common to the particular group may be discovered. This concept, known as the "founder effect," is significant to our understanding of the genetics of diseases commonly found within particular ethnic groups, has implications for genetic testing strategies, and is the scientific basis for concerns about discrimination resulting from research and genetic testing within particular populations.
The study of particular ethnic groups has been facilitated by the identification of founder mutations. 13 Examples of founder mutations within the Ashkenazi Jewish population include mutations associated with Tay Sachs disease and Gaucher disease. Although the Jewish community has welcomed screening for these genetic disorders, 14 a history of misuse of population-based genetic screening in other ethnic groups has fueled increased concern about the potential for genetic discrimination among Ashkenazi Jews. One historical example of a misuse of population-based screening is sickle cell anemia, a condition that primarily affects a particular racial group, African Americans. Screening for sickle cell anemia initially resulted in significant discrimination against African Americans. 15, 16 More recently, concerns about the potential for group stigmatization and discrimination have been raised for Icelandic individuals 17 and Ashkenazi Jews. 18 Ashkenazi Jews have an increased frequency of founder mutations in BRCA1/2 and therefore have an increased rate of inherited breast and ovarian cancers. 19 -21 They have also been found to be at high risk for the APC I1307K allele associated with the development of colon cancer. 22, 23 The potential benefits of the recognition of these mutations include increased surveillance and the possibility of preventing disease. However, the social and economic consequences of being labeled "at risk" for certain diseases has led some community leaders to discourage genetic testing that targets the Jewish population. Some community leaders have suggested that Jewish women not pursue genetic testing for BRCA1/2 out of concern for stigmatization and discrimination against Jews as a group. 24, 25 There has been little information, however, assessing the attitudes toward genetic cancer predisposition testing among those whom are most likely to obtain genetic testing. We performed a population-based survey to determine the attitudes of Jewish women toward the potential social consequences of BRCA1/2 testing and the potential advantages and uses of genetic information.
METHODS

Sample design
The sample frame for the current study was a subset of respondents to a 1995 demographic survey of 1200 Jewish families in the Boston metropolitan area. 26 The purpose of the demographic survey was to provide a comprehensive evaluation of the greater Boston Jewish community. The 1995 study relied on a dual frame design 1 using a random sample drawn from a list of likely Jewish residences of families known to the Combined Jewish Philanthropies (CJP) of Boston and 2 a sample generated using random digit dialing (RDD) of working numbers that were not on the CJP list. The response rate for the 1995 survey was 68%. Eighty-two percent of respondents interviewed in that survey agreed to be recontacted for future research and constituted the sample frame for the current study.
Eligibility criteria
Women between the ages of 18 and 70 reporting at least one parent of Jewish descent were eligible for participation. 17, 27 Respondents needed to understand and speak English and be well enough to participate in a telephone interview. Before the survey, we conducted a screening interview for eligibility with each potential respondent. When a household contained more than one eligible woman, the respondent was randomly selected.
Selection of respondents
The selection of study respondents is displayed in Figure 1 . Of a total of 641 telephone numbers called, contact was established with 536, and eligibility was assessed in 430 households. We determined that 207 households were eligible because they contained a resident woman between ages 18 and 70 who had at least one Jewish parent. Interviews were completed with 200 of these women for a completion rate of 97%. Eligibility could not be fully determined in 106 cases either because the residents declined to complete the screening interview (N ϭ 61), or because the residents neither completed the screening nor gave a final refusal (N ϭ 45). Using the eligibility rate from the successfully screened cases, we estimate that 51 of 106 incompletely screened cases would have been eligible. Interviews were completed with 200 of the 258 cases assumed eligible, for an overall response rate of 78%.
Data collection
Data collection occurred from July 9, 1998 to September 25, 1998. Interviewing was conducted from a central interviewing facility at the Center for Survey Research (CSR), University of Massachusetts, Boston using computer assisted telephone interviewing software. Thirteen experienced and trained women interviewers conducted the interviews. The average interview was 34 minutes.
Instrument
The study instrument was developed after 3 focus groups, 4 cognitive interviews, and 21 pretest interviews. Cognitive interviews consisted of face-to-face interviews using verbal probing to gain insight into the cognitive processes of respondents and to understand how respondents' process complex terminology. The sections focused on (1) prior experience with genetic testing, (2) knowledge of BRCA1/2 (breast cancer susceptibility genes BRCA1 and BRCA2), (3) concerns about discrimination, (4) perceptions of advantages and disadvantages of BRCA1/2 testing, (5) use of information from BRCA1/2 testing, and (6) sociodemographic information.
Respondents were queried about prior experience with prenatal genetic testing and Tay Sachs testing. Respondents were also asked to evaluate the usefulness of the information they obtained from prior genetic tests. 
Ashkenazi Jewish women's attitudes toward genetic discrimination
Knowledge of BRCA1/2 genetics was measured using 7 questions adapted from an 11-item true/false scale developed by Lerman et al. 28 Knowledge scores were created by taking the sum of the correct responses to the 7-item knowledge scale.
Concerns about group discrimination against Jews were assessed by asking respondents the following five questions: (1) Do you think there are scientific reasons for offering this genetic test to Jewish women? (2) Do you have any concern or discomfort about Jewish women being offered this genetic test? (3) Do you think participating in this testing will lead to increased anti-Semitism? (4) Do you think this testing reflects an underlying belief that Jews are genetically inferior? and (5) Do you think research that looks for specific genes common to Jews as a group is good or bad or neither? Response options for these questions were yes, no, and uncertain.
Potential advantages and disadvantages of BRCA1/2 testing were identified from the literature. 26 We asked about the following three potential advantages of genetic testing: obtaining information about the likelihood of developing a disease in the future, increased surveillance that may lead to diagnosing breast cancer at an earlier stage, and obtaining information about children's risk of breast cancer. We also asked about the following potential disadvantages of genetic testing: difficulty obtaining health insurance, employment discrimination, increased anxiety resulting from knowledge of carrying a genetic mutation, and the uncertainty of not knowing when breast cancer will develop among mutation carriers. Respondents were asked to rate the magnitude of each problem on a scale from 1 to 10. The ordering of the series of questions about the advantages and disadvantages of genetic testing was alternated for consecutive respondents. After assessing perceptions of the advantages and disadvantages of genetic testing, respondents were asked if they would be interested in being tested for a genetic susceptibility to breast cancer. Response options to this question were yes, no, and uncertain. Individuals were never offered genetic testing during this survey.
To increase the likelihood of respondents arriving at stable decisions regarding genetic testing, we felt that a minimum amount of education about BRCA1/2 testing was necessary. We, therefore, incorporated into the survey basic information about the definition of a genetic test, genes, the medical options for women who have a known BRCA1/2 mutation, and a list of the advantages and disadvantages of BRCA1/2 testing. Our questions about interest in genetic testing and concerns about genetic discrimination succeeded the sections in which general information about BRCA1/2 testing was communicated.
Statistical analysis
Frequency data and statistical associations were calculated for the characteristics of respondents, concerns about group discrimination, and use of information from BRCA1/2 testing. Analysis of the association of categorical variables and women's concerns about discrimination was performed using Pearson 2 tests and Fisher's exact test. For quantitative variables, comparisons of means were conducted using Student's t test.
The joint effect of selected variables on concerns about discrimination was analyzed using ordinal logistic regression. 29 Ordinal logistic regression models were adjusted for potential confounding variables including the list from which telephone numbers were obtained and demographic variables such as age and education.
Most respondents provided data for all questions. For the ordinal logistic regression model reported in Tables 4 and 5 , complete data were available from 177 of the 200 women (88%). All analyses were conducted using the statistical software package SAS. 30 Hypothesis tests were two-tailed and were declared statistically significant at the 5% level. No corrections for multiple testing were used.
RESULTS
Characteristics of the respondents
Characteristics of respondents are displayed in Table 1 . Respondents from the CJP list were slightly older than respondents in the RDD group. Characteristics of both groups were otherwise similar. Seventy-five percent of women had graduated from college. One third of respondents had a history of Tay Sachs testing. Approximately two thirds of the sample were married and had children. The mean BRCA1/2 knowledge score was 4 out of a possible 7 (SD Ϯ 1.4) ( Table 2 ). The sociodemographic characteristics of this cohort are similar to those of the greater Boston Jewish population in which 73% of individuals have graduated from college, and 34% of households have minor children. 24 
Concerns about group discrimination
Of the 200 women surveyed, 142 (71%) thought there were scientific reasons for testing Jews in particular for BRCA1/2 mutations, and only 33 (17%) expressed concern or discomfort about Jews being offered BRCA1/2 testing (Table 3) . Twenty-six (13%) believed that BRCA1/2 testing will lead to increased anti-Semitism. Very few women surveyed believed that genetic testing of Jews reflected a belief that Jews were genetically inferior, and approximately half of respondents felt that research that looks for specific genes common to Jews as a group was good for the Jewish community. Responses were similar among respondents from the CJP list and the RDD list. 
Perceptions of advantages and disadvantages of BRCA1/2 testing
Respondents' attitudes toward the advantages of BRCA1/2 testing were assessed using a Likert scale of 1 to 10, where 1 indicated not at all valuable and 10 indicated extremely valuable. Respondents rated the value of knowing that an individual would develop the disease in the future, even if there was nothing that could be done to prevent the disease, with a mean score of 5. A mean score of 9.6 was observed for the ability to detect breast cancer at an earlier stage. Obtaining information about children's risk of breast cancer received a mean score of 8.5.
Using a Likert scale from 1 to 10 where 1 meant no problem at all and 10 meant an extremely big problem, women's perceptions of the disadvantages of BRCA1/2 testing were as follows: the potential of insurance discrimination was rated a mean of 7.6, the possibility of increased anxiety resulting from knowledge of carrier status was rated a mean of 7.0, the fact that the results of BRCA1/2 testing will not tell the person tested when she will develop breast cancer but only that she is likely to develop it at some time in the future was rated a mean of 6.6, and the potential of employment discrimination was rated a mean of 3.7.
Use of information from BRCA1/2 testing
Most women surveyed said they would have more frequent mammograms [177 (89%)] and do more breast self-exams [181 (91%)] if they were found to carry a mutation in BRCA1/2. A smaller, but still substantial, proportion of women said they would change their diets [125 (64%)] and exercise more [118 (61%)] if they had a mutation in BRCA1/2.
Predictors of interest in BRCA1/2 testing
Forty percent of respondents indicated an interest in pursuing BRCA1/2 testing, while 40% indicated that they were not interested and 20% were uncertain (Table 2) . In univariate analyses, factors associated with an interest in testing included an openness to having prophylactic mastectomies, valuing information about children's risk, valuing early detection of breast cancer, believing heredity significantly contributes to breast cancer, lack of anxiety associated with obtaining genetic information, and concern about genetic testing being offered to Jews (Table 4) . We found no association between having a prior positive experience with genetic testing and interest in BRCA1/2 testing. In multivariate models controlling for education, marital status, and the list from which the telephone number was obtained, the only factors that remained statistically significantly associated with an interest in testing were as follows: valuing information even if there were no treatment options, valuing information about children's risk, and believing heredity significantly contributes to breast cancer (Table  4) . Individuals who were not interested in genetic testing were less likely to value genetic information if no treatment options existed, were less likely to value information about their children's risk of breast cancer, and were less likely to believe that heredity significantly contributes to breast cancer.
Predictors of concern about genetic discrimination
Women who were highly educated expressed more concern about genetic discrimination (Table 5) . In univariate analysis, women who did not value genetic information if there were no treatment options, who were less interested in genetic testing, and who were more worried about employment discrimination expressed more concern about genetic discrimination. Individuals who were not interested or uncertain about their interest in genetic testing were slightly more concerned about genetic discrimination. However, in a multivariate analysis, only being highly educated (master's degree or higher) was significantly associated with a concern about genetic discrimination.
DISCUSSION
We found that among a population sample of Jewish women, few women expressed concern or discomfort with the targeting of Jews for both genetic testing (17%) and research (5%). In fact, most women thought there were scientific reasons for testing Jews (71%), and most felt that research that focused on Jews was either neutral or good (95%). Concern about discrimination was significantly associated with being highly educated. We also found that interest in breast cancer susceptibility testing varied. After rating respondents' attitudes about a series of potential advantages and disadvantages of genetic testing for breast cancer susceptibility, 40% of respondents expressed interest in BRCA1/2 testing, 40% were not interested, and 20% were uncertain about whether they would be interested in BRCA1/2 testing for themselves. Increased interest in genetic testing was associated with a desire to obtain information about their children's risk of disease and valuing information for its own sake.
There have been few empirical studies on the attitudes of ethnic groups toward genetic testing and research. In a study of Canadian Jewish women with breast cancer, the decision to undergo BRCA1/2 testing was influenced by a desire to con- The dependent variable was interest in genetic testing modeled as an ordinal outcome from not interested in pursuing genetic testing, to uncertain about interest, to interested in pursuing genetic testing. OR, odds ratio; CI, confidence interval. a Odds ratios are adjusted for education, marital status, and the list from which the telephone number was obtained.
Table 5
Correlates of concern about genetic discrimination (N ϭ 177) Respondents were considered to have concern about genetic discrimination if they responded yes to either or both of the following questions: "Do you have any concern or discomfort about Jewish women being invited to have this genetic test?" and "Do you think that participating in this testing will lead to increased anti-Semitism?" a Odds ratios are adjusted for age, education, marital status, and the list from which the telephone number was obtained. b Education was dichotomized into college-educated versus not college-educated. Greater education was associated with increased odds of having concern about genetic discrimination.
tribute to research, potential benefit to family, curiosity, relief if not found to be a carrier, and the need to know. In that study, 28% of those surveyed expressed concern about insurance discrimination, 17% were concerned about the potential impact of genetic test results on marriage prospects for family members, and 14% expressed concern about the focus on the Jewish community. 31 The results of our study add further support to these data, which suggest that although there is some concern about discrimination, it does not seem to be widespread among the population.
Interpreting the concerns about discrimination voiced by a minority of our study respondents and among some community Jewish leaders must be done within a historical context. In the early part of the 20th century, the United States enacted forced sterilization laws in pursuit of a eugenic plan to eliminate from the population undesirable characteristics. 32 The fear of recreating abuses, which were committed in the name of eugenics through coercive policies imposed by governments, may underlie the concerns expressed by both community leaders and some respondents in our study. 33 Jews were also the subject of Nazi eugenic attempts, and as a result of this experience there may be fear among some members of the Jewish population that information from genetic testing will lead to a societal perception that Jews as a group have defective genes. 34 This perception could lead to insurance discrimination against Jews, result in societal pressure not to reproduce, or pressure women to abort a fetus with a genetic mutation. 35 Although some community leaders have suggested that Jews not participate in genetic testing and research, these concerns about group discrimination do not seem to be shared by the majority of a population-based sample of Jewish women.
Although the majority of respondents in our study were not concerned about the potential for discrimination against Jews as individuals, the potential risks of discrimination may be even more significant at the level of social groups. Genetic researchers attempting to do population-based genetic variation research have considered and attempted to minimize genetic discrimination at the level of the individual and the family. 36, 37 How researchers achieve protections for entire ethnic or social groups, however, remains elusive. 38 Guidelines have been developed to protect aboriginal communities, but their extension into less-cohesive communities, such as Ashkenazi Jews, may not be feasible. 39, 40 Some have suggested that the social group itself should be involved in the process of research. 41, 42 This is the process which was undertaken in Iceland when Decode Genetics 43 proposed to create an electronic database of the country's health records that could be linked to individuals genotype. 44, 45 Part of the purpose of our study was to provide an example of the process of assessing the attitudes of a community before pursuing population-based genetic research. By engaging the community and assessing their concerns about the potentially negative consequences of genetic testing and research we hope to have provided a foundation for future research within the Ashkenazi Jewish population. Our research also demonstrates the feasibility of assessing a particular ethnic group's concerns about the broader social implications of scientific research.
There are several limitations to this study. First, before our survey, the women in our study may not have been well educated about the advantages and disadvantages of BRCA1/2 testing. The responses that we obtained might have been different if women had been given more time to contemplate the complex issues and ramifications of genetic testing. Although we attempted to educate the women throughout the course of the survey in an effort to obtain educated and stable responses, this process may not match the detailed and personalized information most women would receive if they were more closely considering genetic testing. Second, the sample size of this study was relatively small. It is possible that a larger study would find more variation in women's concerns about group discrimination.
The extraordinary power of genetic research on large populations must be balanced with the potential negative effects of that research on the particular populations studied and the potential advantages to individuals who may benefit from genetic information. Knowledge of a predisposition to a disease may give individuals the opportunity to prevent illness through increased surveillance or medical intervention. This benefit to individuals within a particular group must be assessed within the context of possible group stigmatization and discrimination. One way to help achieve this balance is to obtain particular populations' input and consent to research within their community.
